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The performance of the FilmArray blood culture identification (BCID) panel has been studied in adult patients. We describe
here an evaluation of this assay for the rapid identification of pathogens in Bactec Peds Plus/F and Bactec standard anaerobic/F
bottles that contained blood samples from pediatric patients at a tertiary care children’s hospital.

Bloodstream infections are associated with high fatality rates.
Rapid organism identification and susceptibility testing may

improve patient outcomes (1, 2). In 2013, the FDA cleared a rapid
and automated multiplex PCR assay, the FilmArray blood culture
identification (BCID) (BioFire Diagnostics, Salt Lake City, UT),
which directly identifies common pathogens, including 7 genera/
species of Gram-positive bacteria, 10 genera/species of Gram-neg-
ative bacteria, and 5 species of Candida (as well as 3 resistance
determinants) in the positive blood culture bottles. The assay re-
quires about 2 min of hands-on sample processing time and 1 h of
instrument time (which includes DNA isolation, amplification,
and detection), which promises to shorten the pathogen identifi-
cation time by �1 to 2 days.

However, a demonstration of the clinical performance of the
assay by the manufacturer was limited to the BD Bactec Plus aer-
obic/F medium. There are 5 articles reporting the performance of
the assay (3–7), but the specimens in these studies were collected
mainly from adult patients, and there was very little information
regarding the pediatric bottles/media used for testing. There is a
paucity of performance data of this assay for the testing of pediat-
ric bottles and pediatric patients. We sought to evaluate the per-
formance of the FilmArray BCID system on pediatric specimens
by comparing the results to those of conventional blood culture
workup methods, which included a subculture of broth onto solid
medium for further pathogen identification and antimicrobial
susceptibility testing using phenotypic assays.

(The results of this study were presented in part at the 24th
European Congress of Clinical Microbiology and Infectious Dis-
eases in Barcelona, Spain, 10 to 13 May 2014).

The study was conducted during an 8-month period from Jan-
uary to August in 2013. Blood culture specimens were collected
from our academic tertiary care pediatric medical center. Each
blood culture included a Bactec Peds Plus/F bottle and a Bactec
standard anaerobic/F bottle (Becton, Dickinson, Cockeysville,
MD). All bottles were incubated in the Bactec FX continuous
monitoring blood culture instrument. Prospectively, the Film-
Array BCID assay was performed after routine Gram stain exam-
ination with the first bottle (Peds Plus/F or standard anaerobic/F
bottle) that signaled positive growth. The results of the BCID assay
were compared to those obtained using standard bacterial identi-
fication and antibiotic susceptibility using the MicroScan system
(Siemens, Sacramento, CA). The MicroScan panels used included
PC 33 for Gram-positive bacteria, NC 50 for Gram-negative bac-
teria, and RY-ID for yeast identification. They were prepared and
run on the MicroScan WalkAway instrument, according to the

manufacturer’s instructions. Multiple isolates of an organism
from a patient were included in the analysis only once. To resolve
discrepancies, matrix-assisted laser desorption–ionization time of
flight mass spectrometry (MALDI-TOF MS) and 16S rRNA gene
sequencing were performed. For MALDI-TOF MS, both the FDA-
cleared version (clinical application [CA]) and the research use
only (RUO) version were used, according to the manufacturer’s
instructions (Bruker Daltonics, Billerica, MA). The 16S rRNA
gene sequencing was performed using the MicroSeq 500 16S
rRNA gene bacterial identification system (Life Technologies,
Foster City, CA). A public database, GenBank, was used for se-
quence analysis. To evaluate the BCID assay using archived bac-
teria, blood culture bottles were spiked with a bacterial suspension
containing 100 to 1,000 CFU of each organism. These bottles were
incubated in the Bactec FX instrument until the instrument sig-
naled positive growth, and the broths were subsequently pro-
cessed in the same way as actual patient blood cultures.

After excluding duplicates, the results for 166 positive blood
cultures collected from 138 different children were included for
data analysis.

Overall, the FilmArray BCID assay identified 168 (89.4%) of
the 188 organisms recovered by culture. For the 20 organisms that
the BCID assay failed to detect, 13 (65%) were organisms that the
FilmArray BCID assay was not designed to detect.

As shown in Table 1, culture yielded 122 Gram-positive bacte-
ria. The BCID assay identified 112 (91.8%) organisms. Of the 116
organisms the BCID assay is designed to detect, 112 (96.6%) were
correctly identified by the assay. These included Streptococcus pyo-
genes (group A streptococcus [GAS]) (3/3 detected), Streptococcus
agalactiae (group B streptococcus [GBS]) (2/2 detected), Strepto-
coccus pneumoniae (1/1 detected), non-pneumoniae Streptococcus
(8/9 detected), Staphylococcus aureus (31/31 detected), coagulase-
negative staphylococci (55/57 detected), and enterococci (12/13
detected). The BCID assay missed identifying the following 4 bac-
teria: Staphylococcus hominis, a nonviable Gram-positive coccus in
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clusters, Enterococcus faecium (in a mixed culture with a Gram-
negative rod, which was correctly identified), and a viridans strep-
tococcus (mixed with Staphylococcus capitis, which was correctly
identified as a coagulase-negative staphylococcus). The BCID as-
say did not identify the following 6 bacteria for which specific
primers are not included in the design of the assay: Peptostrepto-
coccus spp., Rothia mucilaginosa, Corynebacterium spp., Bacillus
spp., Staphylococcus pettenkoferi, and Staphylococcus saccharolyti-
cus (this bacterium can be detected but at a much lower sensitivity,
as described in the product insert). The oxacillin resistance deter-
minant mecA was correctly identified for all 86 Staphylococcus
spp., including 6 methicillin-resistant S. aureus (MRSA) organ-
isms, 25 methicillin-susceptible S. aureus (MSSA) organisms, 37
oxacillin-resistant coagulase-negative staphylococci, and 18 sus-
ceptible coagulase-negative staphylococci. Compared to the sus-
ceptibility results, the BCID assay correctly reported 1 positive and
11 negative vanA or vanB results for the enterococci.

For the Gram-negative bacteria, the FilmArray BCID assay
correctly identified 50 of 58 organisms (86.2%). Fifty-two of the
58 were the organisms the BCID assay was designed to detect, and
the assay actually detected 96.2% (50 out of 52) of these. These
correct identifications for organisms at either the genus or species
levels included 14 Escherichia coli, 13 Klebsiella pneumoniae, 9
Enterobacter cloacae, 4 Pseudomonas aeruginosa, 4 Serratia marc-
escens, 1 Acinetobacter baumannii, 1 Haemophilus influenzae, 1
Proteus mirabilis (the BCID result was Proteus), 1 Citrobacter
freundii, 1 Salmonella sp., and 1 Pantoea agglomerans (the BCID
result for the last three organisms was Enterobacteriaceae). Of two
cultures growing P. agglomerans and identified by MicroScan, the
BCID assay was negative for 1 and inaccurately reported S. marc-
escens in the other. According to manufacturer’s product insert,
BCID assay identifies Pantoea spp. with reduced sensitivity. There
is no description regarding cross-reactivity with S. marcescens.
These two particular isolates lost viability after storage and could

not be tested with other methodologies. To investigate this possi-
bility of cross-reactivity, we tested a batch of Pantoea spp. that
included 1 ATCC strain, 1 College of American Pathologists
(CAP) proficiency sample, and 2 archived clinical isolates col-
lected from previous patients. As shown in Table 2, the BCID assay
missed identifying the ATCC stain and misidentified the others as
S. marcescens. In the entire study, this was the only organism mis-
identification found.

The other 6 Gram-negative bacteria that the BCID assay did
not identify were organisms that the FilmArray assay was not de-
signed to detect: Stenotrophomonas maltophilia (2 organisms),
Capnocytophaga spp., Prevotella melaninogenica, Haemophilus
parainfluenzae, and Hafnia alvei.

The BCID assay correctly identified 6 of 8 positive blood cul-
tures growing Candida species. These included C. glabrata, C.
parapsilosis, C. tropicalis, and C. albicans. It did not identify a sam-
ple containing Candida lusitaniae, which the FilmArray BCID as-
say was not designed to detect. The BCID assay also missed detect-
ing C. glabrata present in a mixed blood culture with Enterococcus,
which was correctly identified by this assay.

Twenty blood cultures grew more than one organism. Among
them, two grew bacteria that the BCID assay was not designed to
detect (H. parainfluenzae and H. alvei). For the rest of the 18
mixed cultures, the BCID assay correctly identified 9 (50%). The
BCID assay missed the identification of 3 organisms in 3 mixed
cultures. These included a viridans streptococcus, a C. glabrata,
and an E. faecium culture. The BCID assay identification results
were inconclusive for the remaining 6 mixed cultures because the
two organisms growing in the same bottle shared the same genus/
group, and at least one of the two organisms was a species that the
BCID assay was not designed to detect.

Recent studies have demonstrated that the rapid detection of
bloodstream pathogens benefits patient care (1, 2). Working
closely with the antimicrobial stewardship teams, the implemen-

TABLE 1 Pathogen detection results

Pathogen
No. recovered
by culture

No. (%) identified
by BCID assay

No. of organisms recovered by culture that are:

% recovery of organisms
included in the BCID
assay

Not included in the
BCID assay

Intended to be identified
by BCID assay but
missed

Gram-positive bacteria 122 112 (91.8) 6 4 96.6
Gram-negative bacteria 58 50 (86.2) 6 2 96.2
Candida 8 6 (75) 1 1 85.7

Total 188 168 (89.4) 13 7 96

TABLE 2 Identification of Pantoea spp. using BCID assay and other reference methods

Pantoea organism
MicroScan
results

MALDI-TOF
MS, CA database

Result of MALDI-
TOF MS, RUO
database (scores)

16S rRNA gene
sequencing result FilmArray BCID assay resulta

ATCC 29002 P. agglomerans No identification P. dispersa (2.124) P. agglomerans/P. dispersa Not detected, not detected
CAP 2012 (D-15) P. agglomerans No identification P. septica (2.408) P. septica Enterobacteriaceae, Enterobacteriaceae/

S. marcescens
Archived clinical isolate

1 (blood)
P. agglomerans No identification P. calida (1.877) P. calida/P. gaviniae Enterobacteriaceae/S. marcescens,

Enterobacteriaceae/S. marcescens
Archived clinical isolate

2 (tissue)
P. agglomerans No identification P. calida (2.357) P. calida/P. gaviniae Enterobacteriaceae/S. marcescens,

Enterobacteriaceae/S. marcescens
a Results are for the Peds Plus/F and standard anaerobic/F bottles, respectively.
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tation of rapid molecular or mass spectrometry-based pathogen
identification systems has been shown to decrease the time to
appropriate and optimal antimicrobial therapy, lower mortality,
shorten hospital stays, and reduce overall health care costs for
these patients (1, 2, 8) MALDI-TOF MS has been shown to be an
effective and reliable method for the rapid identification of patho-
gens in broth from blood culture bottles (1). It is fast, capable of
detecting a wide range of pathogens, and cost-effective, although
it requires manual processing, such as centrifugation or filtration
concentration. The method generally does not report susceptibil-
ity results. The MALDI-TOF MS procedures for blood culture are
still being standardized. Another available platform is the auto-
mated Verigene blood culture system. Designed as separate assays,
Verigene uses a microarray format to detect Gram-positive patho-
gens (BC-GP) (detection time, 2.5 h) and Gram-negative patho-
gens (BC-GN) (detection time 2 h) separately. Uniquely, the
BC-GN assay detects some important antimicrobial resistance de-
terminants, including K. pneumoniae carbapenemase (KPC),
NDM, VIM, IMP, and OXA for carbapenems and CTX-M for
extended-spectrum �-lactamases (ESBL). Evaluations have
shown clinical utility for this system (8–12). In comparison, the
FilmArray BCID assay is a combined panel. Five studies report the
performance of this assay with clinical specimens (3–7). Blaschke
et al. (3) reported a comparison of a developmental version of this
assay with standard culture and susceptibility methods and found
a 91% detection rate for the pathogens included in the panel by
design. In that study, 102 blood culture samples were collected at
a pediatric medical center and a clinical reference laboratory for
testing, but there are no details about the bottle/medium types
used or the number of samples/pathogens collected from children
and from adult patients. From a Swedish university hospital, Al-
tun et al. (4) reported a 91.6% identification rate of the positive
blood culture bottles that grew single organisms and a 71% iden-
tification rate for polymicrobial bottles. Among the total of 167
bottles growing single pathogens, 9 were BacT/Alert PF Plus pedi-
atric bottles, while the rest were collected in 3 other bottle types.
The four bottle types studied were found to perform equally well.
In another study reported by Rand and Delano (5), 161 blood
cultures were collected in BD Bactec plus aerobic/F bottles. There
was no description about whether pediatric samples were in-
cluded. For the blood culture bottles that grew single pathogens,
the BCID assay identified 98% (48/49) of those organisms that
would be expected to be identified only to the genus level. The
BCID assay also identified all of the other 84 pathogens (100%) to
the species/complex levels. Most recently, Bhatti et al. (6) reported
a comparison of the performances of the BCID and the Verigene
systems using the Bactec culture bottles. However, no bottle/me-
dium type or patient population type (pediatric versus adult) was
specified. To date, there is no report in the literature documenting
the evaluation of BCID testing specifically on pediatric media col-
lected from children. The results of our present study demonstrate
the accuracy of the assay in this specific setting. The advantages of
the assay include only 2 to 3 min of hands-on processing and 1 h of
instrument time. The ease of use may help laboratory adaptation
of the assay to be performed during both day and night shifts.

One limitation of the present study is the lack of testing of
certain pathogens. During the study period, Listeria monocyto-
genes and Neisseria meningitidis were not encountered. Interest-
ingly, Pardo et al. (13) recently reported a child in whom N. men-
ingitidis was detected successfully from blood and cerebrospinal

fluid (CSF) cultures using the BCID assay. No KPC-producing
organism was found in our study, and there was only 1 case de-
scribed (6) in previous reports evaluating this assay. In our labo-
ratory, a KPC-positive K. pneumoniae isolate was spiked into a
blood culture bottle and correctly identified by the BCID assay.

In conclusion, the FilmArray BCID assay performed very well
for the rapid identification of pathogens in positive blood culture
bottles that contained pediatric medium and blood samples from
children. Compared to standard phenotypic methods, the assay
reduced the time for pathogen identification by 1 to 2 days. The
ease of use of the assay will likely help laboratories adapt and offer
it 24 hours a day, 7 days a week, thus improving patient care.
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